
Volume 2 Issue 1, 2021 

DOI: 10.6981/FEM.202101_2(1).0020 

127 

Frontiers in Economics and Management 

ISSN: 2692-7608 

An Analysis of Chinese Green Bond Market Using Benchmark 
Government Yield Curve 

Yanyan He1, Zhiqi Wang2, Yinghan Liu3 
1School of Finance and Economics, Soochow University, Suzhou, Jiangsu 215021, China; 

2The Experimental High School Attached to Beijing Normal University, Beijing 100032, China; 
3Shenzhen College of International Education, Shenzhen, Guangdong 518043, China. 

Abstract 
The rapid development of China’s financial industry has given rise to a mature bond 
market with emerging new classes of bonds. Using benchmark Chinese government bond 
yield curve, we analyze the thriving Green Bond market by extracting the discount factor 
curve and the zero coupon curve via bootstrap and interpolation methods. A rich/cheap 
analysis is made to show that the Green Bond market provides attractive yields 
compared to government yields while enjoying similar credit and guarantee due to 
strong sponsorship by the People’s Bank of China (PBOC). This is the first detailed 
analysis of the emerging Green Bonds using carefully procured data, and should be 
helpful in generating more demand for the Green sector. 
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1. Introduction 

In recent years, the Chinese government bond market has become mature enough for a 
systematic analysis of their relative yields, helping investors with their decisions on when to 
invest and which bond to invest. Due to wider availability of market data, new bonds could be 
taken into consideration for investors to compare and analyze. There are many ways in which 
bonds could be analyzed, whether through price risk, yield curve analysis or etc.   
This work aims to compare government bonds with the newly risen bond in the 21st century, 
the Green Bond, using cash-flow based analysis from extracted discount factor curve to analyze 
the pricing and performance potential of this emerging market. Using an extracted discount 
factor curve allows one to perform a detailed analysis of the bonds. Through bootstrapping a 
discount factor curve, a rich/cheap analysis could be conducted to help view Chinese bonds 
more systematically. 
This century, as most financial bonds have become stable in operation and sales, firms now seek 
new path towards wealth, which leads to the emergence of bonds with diverse aims. In order 
to draw investors’ attention towards environmental protection projects, green bonds have 
been issued. Green bonds are relatively new comparing to other types of bonds and their 
valuation has been a challenge due to infrequent trading and sparse data for the study of green 
bond to be fruitful. This work has secured reliable data from Wind, which is a financial database 
providing information about Chinese stocks, bonds, funds, futures, RMB rates and the economy. 

2. Overview of China's Bond Market 

A bond is a fixed income instrument that represents a loan made by an investor to a borrower 
(typically corporate or governmental). A bond could be considered as an I.O.U. between the 
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lender and borrower that includes the details of the loan and its payments. Companies, 
municipalities, states, and sovereign governments use bonds to finance projects and operations. 
Owners of bonds are debtholders, or creditors, of the issuer. [1] 

2.1. China Bond Market Structure 
 

 
Figure 1: Overview of China’s bond market [2] 

 
2.1.1. Primary Market 
The bond issuance market consists mainly of issuers, subscribers and authorized underwriters. 
2.1.2. Secondary Market 
After issuance, bonds are traded in the secondary market consisting of: 
(1) Stock Exchanges 
After the bond is issued, secondary market trading can occur in Stock exchanges that specialize 
in securities trading. In China, stock exchanges are mainly Shanghai Stock Exchange and 
Shenzhen Stock Exchange. The market composing of buying and selling bonds on the stock 
exchange is the floor trading market. This kind of market organization is a bond circulation 
market with more normalized form. The exchange itself, as the organizer of bond transactions, 
does not participate in bond trading and price control. The decision is just to create conditions 
for both bond buyers and sellers, provide services, and conduct supervision. 
(2) Over the Counter (OTC) Market 
Secondary trading can occur as private transactions between sellers (typically banks and 
securities companies) and buyers (companies, individuals). As opposed to standardized 
transactions on the exchanges, these OTC transactions are privately negotiated. 

2.2. Types of Bonds & Market Size 
The main categories of China bond market are: government bonds, central bank bills, financial 
bonds, enterprise bonds, commercial bank bond, policy bank bond, non-bank financial bond. 
Figure 2 shows the size and maturity profile of the China bond market. 
Government bonds are issued by the central government to raise fiscal funds with the highest 
credit rating and recognized as the safest investment tool. The government bonds can be 
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classified into three types: certificate government bonds, bearer form (physical) government 
bonds, and book-entry government bonds. The tenor of book-entry government bonds includes 
2y, 3y, 5y,10y, 20y, 30y, and 50y maturities which represent the benchmark Chinese 
government yield curve. 

 
Figure 2: Bond issuance in China in 2019 [3] 

3. Green Bonds 

Green Bonds are a growing part of the Chinese bond market. On March 27, 2017, the 
International Capital Market Association (ICMA) cooperating with more than 130 financial 
institutions collectively issued the Green Bond Principles, pointing out that Green Bonds means 
any debt instruments that are used to fund green projects that conform the prescribed 
conditions or to refinance these projects. Green projects involve projects and plans that can 
enhance environmentally sustainable development and are assessed and elected by the issuing 
body and related institutions, including key areas like mitigating and adapting climate change, 
curbing the depletion of natural resources, biodiversity protection, pollution control. The 
biggest difference between Green Bonds and general bonds is that green industries and green 
projects which will be funded are been agreed before Green Bonds are issued, and the 
subsequent use of funds will be subject to strict supervision to ensure the transparency and 
fairness of the flow of funds. 

3.1. Development of Green Bonds 
3.1.1. International 
Green Bonds first appeared in 2007 and the World Bank and European Investment Bank 
defined their characteristics. In the same year, the European Investment Bank issued the 
world's first environmentally-oriented bond, the Climate Awareness Bond, indicating that the 
funds raised will be dedicated to green industries and green projects. In 2008, the World Bank 
issued the world's first Green Bond in order to improve the current global climate and 
environmental problems.  Since then, the progress of global Green Bonds has been steady, with 
the issuers consisting mainly of policy financial institutions. In 2013, there was a turning point: 
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the total amount of Green Bond issuance had a rapid increase and in 2015, it reached a new 
record high. 
3.1.2. Domestic 
In January 2016, China issued its first Green Bond. After the launch of China's Green Bond 
market, the issuance scale has grown at a fast pace. The annual issuance scale reached 205.231 
billion CNY, composing of 39% of the global issuance scale, making it the world's largest Green 
Bond market. In 2019, China issued 31 green financial bonds in domestic market, which raised 
a total of 83.35 billion CNY. Although financial bonds are still the largest type of Green Bond 
issuance in China, compared with 38 bonds and a total of 128.92 billion CNY, the issuance 
volume has dropped significantly. The issuance scale has dropped by 35% year-on-year, and its 
proportion of the Green Bond market has fallen from 62.36% in 2018 to 33.90%. 

3.2. Green Bonds are an important and growing sector of the Chinese bond 
market 

3.2.1. Strong Government Support 
The Chinese government strongly supports and encourages the improvement of Green Bonds 
by [4] 
(1) Emphasizing the importance of green finance 
The Premier of the State Council listed "strengthening pollution prevention and ecological 
construction, and strongly facilitating green development" in the "Government Work Report" 
as one of the top ten tasks of government work in 2019, and proposed to accelerate the 
development of green finance. The "Government Work Report" has directly mentioned the 
development of green finance for two consecutive years. 
(2) Encouraging private companies to issue Green Bonds 
The Ministry of Ecology and Environment and the China Federation of Industry and Commerce 
signed an agreement in Beijing. The agreement proposes to encourage private enterprises to 
issue Green Bonds, support financial institutions to innovate green financial products, develop 
green credit, and promote solutions to private enterprises ’environmental governance 
financing issues. 
(3) Multiple ministries and commissions jointly issued a document to clarify the focus of green 
industry development 
(4) Supporting the issuance of green debt financing instruments in the pilot zone for green 
finance reform and innovation 
PBOC issued the “Notice on Supporting the Issuance of Green Debt Financing Instruments in 
the Green Finance Reform and Innovation Pilot Zones”, which pointed out that it supports non-
financial enterprises with legal personality registered in China’s five green finance reform and 
innovation pilot zones to issue debt financing instruments that comply with the "Green Bond 
Supported Project Catalog" in the interbank market. 
(5) Canceling the investment quota restrictions of QFII and RQFII 
The State Administration of Foreign Exchange announced the removal of investment quota 
restrictions on qualified foreign institutional investors and CNY qualified foreign institutional 
investors. This will greatly improve the convenience for foreign investors to participate in 
China’s financial market and help promote the opening of China's Green Bond market. 
3.2.2. China Industrial Bank is one of the major issuers and a key participant in Green 

Bonds 
China Industrial Bank is one of the first commercial banks in China to issue Green Bonds, and it 
is also the largest issuer of Green Bonds in China.  Among the issuers in Green Bond market in 
China, China Industrial Bank is the second largest issuer in the world and the largest issuer in 
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China. In 2018, the amount of Green Bond that China Industrial Bank issued is 66.5 billion CNY 
(9.6 billion USD), including two domestic Green Bonds with a total of 60 billion CNY (8.6 billion 
USD) and an offshore issuance of 943 million USD. The bank's Green Bond issuance in 2018 
accounted for 23% of China's total Green Bond issuance that year. The total issuance of China 
Industrial Bank Green Bonds reached 119.2 billion CNY (17.4 billion USD, of which 10 billion 
USD meets the international green definition), making it the largest Green Bond issuer in the 
Chinese market since 2016. As of the end of October 2019, the bank has issued a total of 130 
billion CNY of green financial bonds. It has not only become the first Chinese bank to complete 
the issuance of green financial bonds in both domestic and overseas markets, but also the 
commercial financial institution with the largest balance of green financial bonds in the world. 
[5] 
The top ten stockholders of China Industrial Bank are mainly state-owned enterprises, of which 
the largest stockholder is the Fujian Provincial Finance Department, holding 18.78%. It can be 
seen that this is a commercial bank with a strong state-owned backing. 

4. Extracting A Discount Factor Curve  

4.1. Yield Curve 
The Yield Curve is the graph of bond yields as a function of their maturity. 
 

 
Figure 3: The yield curve of Chinese government bond 

 

4.2. Discount Factor and Discount Factor Curve 
The present value 𝑜𝑓 1 𝑢𝑛𝑖𝑡 𝑐𝑢𝑟𝑟𝑒𝑛𝑐𝑦 𝑡𝑜 𝑏𝑒 𝑟𝑒𝑐𝑒𝑖𝑣𝑒𝑑 𝑎𝑡 𝑇 𝑖𝑠 𝑐𝑎𝑙𝑙𝑒𝑑 𝑡ℎ𝑒 𝐷 iscount Factor, DF 
(T), which is a weighing factor that is most commonly used to find the present value of future 
cash flows. Mathematically, it is represented as below, 

DF (T) = 1 +
∗

                                                              (1) 

Where T is number of years, y is yield and n is number of compounding periods of a yield per 
year. 
Discount Factors are the fundamental building blocks for valuing bonds or securities with 
known cash flows. Given a series of known cash-flows (C1, …, CN) to be received at various 
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times (T1, …, TN) in the future, if we know the discount factor D (Ti) for each payment date Ti, 
then today’ s value of this package is, 

PV (Portfolio of Cash − flows) = ∑ Ci D (Ti)                                     (2) 
In reality, the market does not provide granular information about the discount factor of each 
period. When there is only a single bond, usually, we can calculate its present value by assuming 
flat yields. For example, we can equate the i-th discount factor of a 2 year semi-annual bond to 

𝐷(𝑇𝑖) =                                                                        (3) 

But when it comes to a collection of bonds, this does not work or even goes wrong. For example, 
a 2 year bond has overlapping cash flows with a 3 year bond for the first 2 years, and unless the 
2 year and 3 year yields, y2 and y3, are identical, we are valuing the same cash flows differently. 
The term 

𝐷(1 𝑦𝑒𝑎𝑟) = 1/(1 + 𝑦 /2) = 1/(1 + 𝑦 /2)                                       (4) 
which can only happen if y2 =y3. 
A Discount Factor Curve (DFC) is the graph of DF (T) versus T, which can resolve the above 
problem. 

4.3. Methods to Extract the Discount Factor Curve 
4.3.1. Data Selection 
Nine on-the-run Chinese government bonds with same compounding frequency were selected 
from www.chinabond.com.cn. with remaining benchmark maturities of 2y, 3y, 5y, 7y, 9y, 10y, 
20y, 30y, and 50y respectively. The market prices and yields of these bonds on July 27th 2020 
were chosen as a reference.  
 

Table 1: Nine on-the-run Chinese government bonds [3] 

Bond ID 
Original 

Settle Date 
Maturity 

Date 

Remaining 
Benchmark 

Maturity 

Compounding 
Frequency 

Coupon 
Rate 

Market 
Price 

27/07/2020 

Market Yield 
27/07/2020 

0700006 19/11/2007 19/11/2022 2 2 4.69% 105.953% 1.652% 
130018 22/08/2013 22/08/2022 3 2 4.08% 105.364% 2.222% 
150016 16/07/2015 16/07/2025 5 2 3.51% 104.188% 2.611% 
170004 09/02/2017 09/02/2027 7 2 3.40% 103.198% 2.892% 
190006 23/05/2029 23/05/2019 9 2 3.29% 102.679% 2.949% 
200006 21/05/2020 21/05/2030 10 2 2.68% 98.297% 2.877% 
100018 21/06/2010 21/06/2040 20 2 4.03% 107.251% 3.522% 
200004 16/03/2020 16/03/2050 30 2 3.39% 95.877% 3.616% 
200007 25/05/2020 25/05/2070 50 2 3.73% 100.008% 3.730% 

 
4.3.2. Bootstrap Method 
The bootstrap algorithm is a standard method to extract the discount factor curve from a 
collection of bond prices to compare the bonds. The specific process is as follows: 
(1) Arrange the traded market instruments in increasing maturity (T1, T2, …), and let Pi denote 
the market price of the i-th instrument. 
(2) D (0) = 1. Starting with the shortest maturity instrument, generate discount factors up to T1, 
D (t), 0 ≤ t ≤ T1, so that the sum of its discounted cash flows equals to its market price, P1. 
(3) Having generated the discount factor curve up to Tn, the n+1-th instrument might have cash 
flows that are on or before Tn. Generate new discount factors D (t), Tn  ≤ t ≤ Tn+1, so that the sum 
of its discounted cash flows equals its market price, P(Tn+1). In this way, we are not changing 
the already constructed curve, and all the previous instruments preserve their market prices 
(P1,, …, Pn). 



Volume 2 Issue 1, 2021 

DOI: 10.6981/FEM.202101_2(1).0020 

133 

Frontiers in Economics and Management 

ISSN: 2692-7608 

4.3.3. Linear Interpolation Method 
Using linear interpolation, we have the following formulas to get the discount factors of each 
time period T. 

(t1≤t≤t2)  𝐷(𝑡) = 𝐷(𝑡 ) + 𝛼(𝐷(𝑡 )– 𝐷(𝑡 ))                                     (5) 
𝛼 = (𝑡– 𝑡 )/(𝑡 – 𝑡 )                                                             (6) 

4.4. The Discount Factor Curve of Chinese Government Bonds 
Figure 4.3 shows the extracted discount factor curve from the benchmark government yield 
curve. 

 
Figure 4: The discount factor curve of Chinese government bonds 

 

4.5. Zero Coupon Rate 
A zero coupon bond is a debt security that does not pay interest but instead trades at a deep 
discount. The bond is redeemed for its full face value and the difference between the discount 
purchase price and final is the interest for the holding period. The Zero Coupon Rate is the 
annualized rate of the interest. We can calculate the zero coupon rate of each time period T with 
the following formula: 

𝑍𝑒𝑟𝑜 𝐶𝑜𝑢𝑝𝑜𝑛 𝑅𝑎𝑡𝑒 = −1/𝑇 ∗  𝑙𝑛 (𝐷 (𝑇))                                        (7) 
Then we can draw the graph of zero coupon rate verses T, known as the Zero Coupon Rate Curve, 
see Figure 5. 

5. Rich/Cheap Analysis 

A Rich/Cheap Analysis is to come up with the model price or model yield of a bond through the 
discount factor curve we have made before, and then compare it to the market price or yield of 
the bond. If a bond’s market price is lower than its model price, it is flagged as too cheap: its 
yield is higher than what the model suggests. Alternatively, if its market price is higher, it is 
flagged as too rich. 
Since Chinese government bonds are the safest and most liquid, the discount factor extracted 
serves as a reliable and consistent base to calculate prices of other bonds. 
We performed a rich/cheap analysis of Chinese Green Bonds. Four active Green Bonds issued 
by China Industrial Bank were chosen with their market price on the same day of July 27th 2020 
to have a comparison.  
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Figure 5: The zero coupon rate curve of Chinese government bonds 

 
Table 2: Four active Chinese Green Bonds issued by China Industrial Bank [3] 

Bond ID 
Original 

Settle Date Maturity Date 
Compounding 

Frequency 
Coupon 

Rate 
Remaining 
Maturity 

Market Price 
27/07/2020 

Market Yield 
27/07/2020 

1928017 18/07/2019 18/07/2022 1 3.55% 2 101.1059% 3.0020% 
1828014 01/11/2018 01/11/2021 1 3.99% 1 101.3613% 2.8371% 
1828017 26/11/2018 26/11/2021 1 3.89% 1 101.2946% 2.8680% 
1628020 17/11/2016 17/11/2021 1 3.40% 1 100.6556% 3.3407% 

 
Using the discount factor corresponding to the model to discount cash flows from each phase 
of four Green Bonds, we can get the results as follow. 
 

Table 3: The rich/cheap analysis of four selected Chinese Green Bonds 

Bond 
ID 

Original 
Settle 
Date 

Maturity 
Date 

Compo
unding 
Freque

ncy 

Coup
on 

Rate 

Remai
ning 

Maturi
ty 

Cash 
Flow 
(T) 

DF (T) Model 
Price 

Model 
Yield 

Market 
Price 

27/07/2
020 

Market 
Yield 

27/07
/2020 

Rich
/Che

ap 

19280
17 

18/07/2
019 

18/07/2
022 1 3.66

% 2 

0.035
5 

0.98381
391 3.4925%     

1.035
5 

0.96762
782 

100.197
9%     

        103.690
4% 

1.6588
% 

101.105
9% 

3.0020
% 

Chea
p 

18280
14 

01/11/2
018 

01/11/2
021 1 3.99

% 1 1.039
9 

0.98381
391 

102.306
8% 

1.6452
% 

101.361
3% 

2.8371
% 

Chea
p 

18280
17 

26/11/2
018 

26/11/2
021 1 3.89

% 1 1.038
9 

0.98381
391 

102.208
4% 

1.6452
% 

101.294
6% 

2.8680
% 

Chea
p 

16280
20 

17/11/2
016 

17/11/2
021 1 3.40

% 1 1.034
0 

0.98381
391 

101.726
4% 

1.6452
% 

100.655
6% 

3.3407
% 

Chea
p 

 
The results indicate that the market prices of the four Chinese Green Bonds are all lower than 
their model prices, which are flagged as cheap. 

6. Analysis of Green Bond Yields 

China’s rapid development has led to vast pollution; and to encourage environmentally friendly 
projects, governments have been participating by providing subsidies or publishing new laws 
to assist. In April, 2017, Shenzhen government promulgated a new law for green bond issuers, 
allowing an enterprise which has successfully issued a piece of green bond to receive 2% (no 
more than 500,000rmb) of its issuing scale as subsidy from the government. [6] The low issue 
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cost of green bonds has created a less competitive environment for them to be issued; therefore, 
the price of green bonds would be relatively lower than the model price which gives investors 
impressions that the bonds’ prices are set cheap which means they would believe that they be 
make a larger profit out of green bonds than the issuers. However, the prices are only cheaper 
than the model price. Issuer set these prices because part of the cost has been paid by the 
government. The relative benefit issuers and investors gained may be the same, while the 
benefit that the government receive cannot be measured through simply money value; because 
they exist as the effects of success of green projects (environmentally friendly projects). While 
some believe that issuing green bonds may be cheaper, the price actually depends on the credit 
rating.  
Meanwhile, due to the attractive subsidy provided by the government, some green projects that 
do not meet the requirements employ the subsidies for projects that are not environmentally 
friendly concentrated, bringing smaller effects on the environment. The risk they are taking has 
been one of the concerns to green bond buyers. What green bonds have in common with normal 
bonds is that, as a new type of bond, people are uncertain about whether it will succeed or not; 
because they cannot see how specific the project is going to be accomplished and the pricing 
strategy is relatively different from normal financial bonds, they could still not risk much in 
these projects. While both the green bond buyers and issuers are concerned about the risks, the 
issuing sizes of green bonds have nearly all been small. By comparing green bonds to 
government bonds, along with the cheap prices, it appears that green bond market may need 
some time until they grow to an active and liquid market. Looking back, China has experienced 
a rapid development. But the green bond market needs serious consideration about their pace. 
Because even though developing sustainably may cause returns to be small in the beginning, 
the long-term effects are still significant and if the enterprises wish to maximize the positive 
results, they must not rush. 

7. Conclusion 

We extracted the discount factor curve of Chinese government bonds through bootstrap and 
linear interpolation methods, and used it to do a rich/cheap analysis on Green Bonds. We 
explored the reasons for the cheap price of Green Bonds and identified three points, firstly, the 
low issue cost of Green Bonds has created a less competitive environment for them to be issued; 
Secondly, there is not much attention paid to environmentally friendly projects; Thirdly, risk of 
faked projects has gained few investors’ confidence. Our attempt to construct the discount 
factor curve of Chinses treasury bond is the first detailed analysis of Green Bonds and provides 
a clearer understanding and consistent analysis of Green Bond on a data basis, providing data 
supports for the existing theoretical analysis. It is our hope that that this kind of analysis helps 
in the standardization of financial industry and the more rapid development of Green Bonds in 
China. 
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